Background-A study was undertaken to determine the relationship between hospital admissions for asthma and all respiratory conditions in electoral wards in the West Midlands and ambient levels of smoke, sulphur dioxide, and nitrogen dioxide, and to establish whether the relationship is independent of social deprivation and ethnicity, and is different for young children and older individuals. Methods -Data on hospital admissions for acute respiratory conditions were obtained by electoral ward from the West Midlands Regional Health Authority Information Department Korner inpatient data including asthma (ICD 493) and all acute respiratory disease (466,(480)(481)(482)(483)(484)(485)(486)(490)(491)(492)(493)(494)(495)(496) for the were not associated with hospital admissions. Multivariate analysis including Townsend score and percentage of nonwhite subjects in the model revealed that NO2 was associated with hospital admission rates for all respiratory conditions only for children under 5. The Townsend score was associated with SHR for all respiratory conditions, and both the Townsend score and percentage of non-white subjects were associated with SHR for asthma in children under 5 in two of three models. The association between SHR for asthma and percentage of non-white subjects was negative. Conclusions -Socioeconomic deprivation, as measured by the Townsend score, is a significant predictor ofhospital admission rates for respiratory disease in older individuals, and both the percentage ofnonwhite subjects and the Townsend score are significant predictors of hospital admission rates for asthma in children. After correction for socioeconomic deprivation and ethnicity, background urban NO2 levels in the ward of residence are significantly associated with standardised hospital admission rates for all respiratory disease in children under 5. This may represent a causal effect of NO2 on the respiratory health of children, or the effect of confounding factors not corrected by use of the Townsend score. (Thorax 1995;50:948-954) 
quality control programme for SO2 and smoke monitoring. Indirect age-sex standardised hospitalisation rates (SHR) for all respiratory conditions and asthma were calculated using the 1991 rates for the West Midlands RHA as the standard. Multivariate regression models were used to assess the relationship between individual pollutants and the SHR. The Townsend score and percentage of the population from non-white ethnic groups were included in all models to adjust for ethnicity and socioeconomic deprivation.
Results -The SHR for asthma varied almost fourfold across the region, and all respiratory SHR showed more than three fold variation. Bivariate regression revealed both Townsend score and percentage of non-white individuals to be associated with SHR for asthma and all respiratory conditions at all ages, but not for children under 5 years. NO2 was associated with hospital admission rates for all ages including children under 5. SO2 and smoke were not associated with hospital admissions. Multivariate analysis including Townsend score and percentage of nonwhite subjects in the model revealed that NO2 was associated with hospital admission rates for all respiratory conditions only for children under 5. The Townsend score was associated with SHR for all respiratory conditions, and both the Townsend score and percentage of non-white subjects were associated with SHR for asthma in children under 5 in two of three models. The association between SHR for asthma and percentage of non-white subjects was negative. Conclusions -Socioeconomic deprivation, as measured by the Townsend score, is a significant predictor ofhospital admission rates for respiratory disease in older individuals, and both the percentage ofnonwhite subjects and the Townsend score are significant predictors of hospital admission rates for asthma in children. After correction for socioeconomic deprivation and ethnicity, background urban NO2 levels in the ward of residence are significantly associated with standardised hospital admission rates for all respiratory disease in children under 5. This may represent a causal effect of NO2 on the respiratory health of children, or the effect of confounding factors not corrected by use of the Townsend score. a history of wheeze.5 In adults the cumulative prevalence of wheeze has been estimated as up to 7%.6 In the West Midlands over 1% of all boys and 05% of all girls under 5 are admitted to hospital each year with an asthma attack.'
The high prevalence of, and rising hospital admission rates for, asthma raise the question as to whether this might be related to air pollution levels.
Previous studies in the United Kingdom have suggested that the prevalence of respiratory symptoms might be related to ambient air pollution levels. In a series ofcross sectional studies in Sheffield schoolchildren the prevalence of respiratory tract symptoms was associated with the ambient levels ofsulphur dioxide (SO2) and smoke in the area of residence.7 This effect was no longer apparent five years later when the levels of particulates had fallen markedly.8 The UK National Study of Health and Growth showed the prevalence ofrespiratory symptoms to be associated with ambient smoke pollution levels in the area ofresidence,9 but an associated longitudinal study showed no change in prevalence of respiratory symptoms with falls in air pollution over time.'0 Other studies noticed differences between urban and rural environments in prevalence of respiratory symptoms in children of manual workers." A difficulty with many cross sectional studies has been the low power because of relatively few participating areas, and difficulty in controlling for other potential causative factors such as cigarette smoking.
Another important series of studies has been the Six Cities Study from the USA. The first study showed that the prevalence of cough in children was associated with measures of particulates, SO2, and sulphate, but there was no association within the cities and no effect on lung function.'2 A subsequent study which measured fractionated particulates confirmed the findings of the original study: cough, bronchitis, and chest illness were all associated with all measures of particulates, but not hay fever, wheezing, or asthma. Again, no effects were seen on lung function in the children, and there were indications that acid aerosols might be important determinants ofsymptoms. ' There have been no recent studies in the UK relating hospital admission rates for respiratory diseases to ambient pollution levels, particularly at current low levels of particulates and S02, and relatively high levels of NO2. Nor have there been any studies of small administrative areas. This study was undertaken to see whether local variations in ambient air pollution levels in urban areas of the West Midlands were associated with differences in hospital admission rates, and whether these differences were independent of socioeconomic deprivation, ethnicity, and other potential confounding factors. sources of black smoke, but the monitoring method used was the only one available at the time of the study. Nitrogen dioxide was measured using diffusion tubes.34 All of these were placed at urban background sites to measure four week average nitrogen dioxide levels. Data were available for a total of 39 such sites. The quality control of these measurements was less standardised than for SO2 and smoke measurements, and most of the measurements and quality control were performed by local council departments. Only six wards contained monitoring stations for all three pollutants. Interpolation of results for electoral wards which did not contain a monitoring station was not possible in the absence ofemissions inventories, because many wards contain industrial point sources or major roads, and because of the relatively large distances between the monitoring stations. This was likely to produce gross levels of error in the interpolated estimates in the absence of confirmatory information, and the study was felt to be sufficiently powerful without this additional source of error.
Methods

DATA ANALYSIS
Age-sex standardised hospitalisation ratios (SHRs) were calculated by the indirect method for all electoral wards in the study. The reference rates used in the calculation were hospital admission rates for asthma and all respiratory conditions for the West Midlands Regional Health Authority in 1991. This was used because of the relative accuracy of the 1991 census population information compared with intercensal estimates for 1989 or 1990. 95% confidence intervals were calculated using the formula:
Use of the large sample approximation was justified because total observed admissions for asthma and all respiratory disease were large (between 20 and 500).
Two year mean levels of smoke, SO2, and NO2 were calculated for each electoral ward in the study -that is, each ward which contained a monitoring station. The relationship between SHR and mean levels of pollutants was then investigated by bivariate and multivariate regression. Bivariate regression was carried out to determine the relationship between these pollutants, hospital admissions, ethnicity, and Townsend scores. This was performed for children under 5 and for people of all ages. Children under 5 were studied separately because they consitute the group in whom hospital admission rates for asthma are highest, and in whom the rates are rising most quickly. They also represent a group more likely to stay within a short distance of their home address during the day, and therefore are less affected by different exposure as a result of commuting long distances to work or school. It was not possible to separate out other age groups because of the small numbers of admissions in these groups.
Multiple least squares regression models were then constructed for Townsend score and to reflect more closely hospital admission rates than other indices of deprivation,l to show negative associations with hospital admission rates in those conditions in which it would be expected -for example, breast cancer,' and to be closely associated with SHRs for respiratory conditions."9
There are some potential drawbacks to the use of the Townsend score. The use of electoral wards as administrative areas on which the 50 Townsend score is calculated means that an electoral ward with an extremely poor estate at one end and affluent areas at the other would give a Townsend score which does not adin the equately reflect the level of deprivation of people in some parts of the ward. It can also be argued that it does not adequately reflect deprivation in rural areas because of its inclusion of car ownership -poor people in rural dep-areas without a car may be much more deprived score, than in urban areas with plentiful public transZs for port. In the context of this study this is less nsend relevant, since all wards were urban or subLd in-urban. Nevertheless, we believe the use of the k for Townsend score is the best practicable method at as-of correction for socioeconomic deprivation NO2 available in the West Midlands at present.
ficant
We also know that socioeconomic deplitions rivation is closely associated with other poPown-tential confounding factors for the prevalence sthma of respiratory disease, such as poor housing d not quality,404' cigarette smoking (active and passive),42-44 and other environmental determinants stions of health. Although we might expect cigarette cts of smoking prevalence to increase with increased id air socioeconomic deprivation and thus be asrates sociated with the Townsend score, this may )spital not provide adequate correction for smoking bidity, prevalence or other potential confounding facnding tors such as occupational exposure. )n beFor children the Townsend score is a relry dis-atively poor predictor of SHR for all respiratory lue to conditions, but it is a strong positive predictor ct on of SHR for asthma. The proportion of the :iently population from non-white ethnic groups was also a strong independent negative predictor of tween SHR for asthma in two of our three models. Finally, some of the differences in recorded hospital admission rates may be due to differences in hospital information and diagnostic coding systems, particularly for wards whose patients attend different hospitals. This has been minimised by including all respiratory diagnoses as well as asthma in the analysis, but there may still be differences in the proportions ofadmissions with no recorded diagnosis. Likewise, differences in recorded pollution levels may be due to slight methodological differences between local authorities in siting of stations and data collection. These differences have been minimised as far as possible by selecting sites employing high levels of quality control, including those in a national air pollution monitoring network, but some differences may still exist. If systematic differences between administrative areas exist for both hospital information systems and air pollution measurements, this introduces the possibility of bias.
This study has found an independent association between NO2 levels and hospital admission rates for all respiratory diseases in children under 5. These findings are consistent with those fom Switzerland23 where outdoor NO2 levels were associated with prevalence of respiratory symptoms, and a study from Japan where changing prevalence ofrespiratory symptoms in atopic children was associated with NO2 levels.46 A study from Germany also showed an association between NO2 and reported cases of croup.47 However, most studies of prevalence of respiratory symptoms have shown associations with levels of particulates'2 3 and not NO2. The absence of a positive finding in this study may be due to the methodological difficulties mentioned above, or to the very low levels of particulates in the area studied, representing a threshold effect. The This study has shown that socioeconomic status as measured by the Townsend score is an important predictor of hospital admission rates for acute respiratory disease, that ethnicity is an important independent predictor of hospital admission rates for asthma in children under 5, and that in children under 5 the SHR for respiratory diseases is significantly associated with ambient outdoor NO2 levels after adjustment for both socioeconomic status and ethnicity. It is therefore possible that ambient NO2 levels could affect either prevalence or severity of asthma in children. However, because of the methodological difficulties associated with the use ofroutinely collected data in an ecological study of this kind, further confirmatory studies of the potential health effects of air pollution in the UK are required. These should include assessment of potential confounding factors for respiratory disease, such as smoking, occupation and housing quality, as well as assessment of indoor pollution exposure and personal pollution exposure. Further research is needed to determine the potential effects of NO2 and other pollutants on the respiratory health of individuals, and particularly young children.
